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Parts of the data evaluation performed in the Data Summary Report (Volume 2, Appendix B of the 
Feasibility Study) and the Baseline Risk Assessment (Volume 3, Appendix C of the Feasibility Study) relied 
on screening constituent concentrations against those which may be naturally occurring (i.e., background). 

Constituent concentrations in moundwater were screened against background concentrations presented 
in the following draft document. 

The reader is cautioned that the values 
provisional and subject to significant revision. 

derived in the following draft background document are 
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PREFACE 

This report presents background concentrations for naturally occurring inorganic chemicals and selected 
radionuclides found in groundwater drawn from the Regional Gravel Aquifer (RGA) and the McNairy 
Formation at the Paducah Gaseous Diffusion Plant (PGDP), Paducah, Kentucky. In addition, this report 
compares the background concentrations to human health risk-based concentrations to develop a list of 
screening criteria that can be used to identify significant contamination in these groundwater sources at 
this facility. Such screening criteria are required for Resource Conservation and Recovery Act Appendix IX 
and Contract Laboratory Program total analyte list inorganic chemicals and for radionuclides to ensure that 
remedial investigations and feasibility studies for identified areas of concern and solid waste management 
units at PGDP focus on those contaminants that may influence humanhealth risk. In addition, appropriate 
screening criteria are ne should be added to the 
list of those areas to be 
and reports produced as 

completing work plans 

The work was performed under W 
ent programs at PGDP. 

entitled Co~ective Measures 
for Offsite Contamination. 
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This report documents the methods used to develop background concentrations of naturally occurring 
inorganic chemicals and selected radionuclides present in groundwater drawn from the Regional Gravel 
Aquifer (RGA) and the McNairy Formation at the Paducah Gaseous Diffusion Plant (PGDP) located near 
Paducah, Kentucky. This report also presents -the background concentrations -developed and comuares 
these concentrations to human health &k-based con&n&ions. Subsequent to this comparison, a l&t of 
screening criteria for the naturally occurring chemicals and selected radionuclides is developedYl?his~ list’ 
is provided so that users can ‘determine if.de~ecteil’concenti-gtions of naturally” oc&rring inorganic 
chemicals and selected radionuclides are ‘present at ik+els‘ that’r&&sent contamination and at levels that 
may present an unacceptable risk to the health of groundwater users. 

I . . & 
All data used in the development of the background ~conCe$&ior& were from groundwater taken from ,#& ‘r. .““y+y % 

wells not believed to be impacted by contaminant releases f?om??GDP,~.!&re identifiers, general location, 
and screen depth of the background RGA‘welKare: 

.‘&,“:~s 
.” ” 

LTy ;\“i’&- .j: ““,*:&; 

l MW133; northeast o 
l MW 140, west northwq 

Two additional McNai 
were MW239 and MW247. -’ 
part of the northwest Plume in I F 

me considered .foforsele.ti;in ii~.b‘ba~E@ou;d welr~~..~iie I.., I- 1 : ,..*._ I . _.. 

, which are located in the north and south well fields installed as 
action, were subsequently not selected as background wells 

because sampling results indicat$d that groundwater at these locations and depths may contain a primary 
PGDP contaminant, trichloroet&%! (TCE). 

In the analyses of the groundwater data from these wells, data were summarized both over all 
observations within group (i.e., RGA and McNairy Formation) and over wells within group. Analyses 
were completed in this manner to ensure that the effect of temporal correlation between samples from a 
single well and the impact of varying well data set sizes could be examined. It should benotzd~that no attempt was made to adjust phi ‘back*outid ” calculat;~~~~~,~~~“~~e .;ffG-{. ‘~~‘~~~~~~,‘cbrrelatio~. A>=; “- l-.*--..‘l ‘” / 2.. 

adjustment was not attempted because a preliminary analysis indicated that the number of wells within 
each group was not sufficient to allow for the estimation of any spatial correlation effects. If spatial 
correlation does exist, then the background concentrations may be underestimated. This effect is due to 
underestimation of the standard deviations and errors used in the derivation of the badkgi-ound ~oncent%ions ;_ -’ 

c”2 
(see Gilbert 1987; page 3$). In any case, the net effect of not considering spatial correlation is that the 
background concentrations are unlikely to exceed the true background 6oncentrations. 
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For inorganic chemicals, background concentrations were derived for both total and filtered samples ,--. 
over all observations within group and over wells within group after evaluating and correcting the data 
sets. Important reasons for correcting the data sets are listed below. _H 

l Value in the data set was a noridetect, but the value was greater than the greatest detected 
concentration. In this case, the nondetect value was reduced to the greatest detected concentration in 
other samples taken from the well. 

0 Value was a detect that was much greater (generally more than 10x’s greater) than the next greatest 
detected concentration and appeared to be related to sample turbidity. In this case, the value was 
reduced to the next greatest detected concentration. 

0 Data point was for a filtered sample and was qualified “Q”. In the &a set used to derive the background 
concentrations, data points were “Q” qualified when analy~~~~o~~~,~~tered sample were not performed 
because the results of the analyses of the total (unfiltered) s$?$&&ere below the total sample’s 
practical quantitation limit. In this case, the “Q” quaIi&& ‘daG&$& modified by assigning to the 
data point the minimum detection limit of all samples well, or if there were no other 
nondetect results for the well, the minimum detection ‘wells. This was ,done to ,ensure 
that the information f the background values. 

For radionuclides, background concentrations w$?$$ es only because there were 
too few results from filtered samples. As with the inorganic chemicals, 
some data were correct r racllopucljdes were, 
similar to those for inor 

Background con elected rdionuclides T 
when data are summarized ov r wells within group 
are presented in Table ound concentrations 
for inorganic chemical mples are listed by 
groundwater source. A residential use of 
groundwater and maxim 

,,_ i.I _,,_._, c r 

I . : ,.” ._ .,.ew _., ..e.* 1* ,,(. .x. ,.-.. .- ,‘. I. ., ,., “/“~ ,” ,..:., .,. ‘ 
.G 

,,“I. 

/“? 
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Ins, residential use risk-based concentrations, and 
lmipant levels 

’ 
2.189 - 0.3 11 I )=.--. .,. 0.687 ,.UL I.*,*~“~““.b*,wM.&~” 

0.579 
^ ---I. 

1.5”’ o.osb : 
0.200k 

0.060” 0.060” 0.060b 0.00056”’ 0.006 Antimony 
Arsenic 
Barium 
Beryllium 

0.005” O.OOSb 0.005b 0.005b 0.000035CR 
0.235 n~ann 0.296 _ 0.268 o.10*’ 

0.050 
2.000 

Cadmium 
Calcium 
Chloride 
Chi%miumd 
Cobalt 
Copper 
Fluoride 

0.004D 0.004b 0.017b ^ ^-..&I _ -.-I. L 0.004; 0.00001q~~” 0.004 
-.--- 

41.238 
4i.Oil 
0.144 
0.045b 
0.036 

0.005 

0.270 

38.166. 
fro Data 
0.050b 
0.045b 
.0.020 

No Data 

No \;l&& : NbVg*ue 
No valve 

25KODOk 
I 0.0071 H’ “. 0.100 

y$ 0.091”’ No Value 
foci;; 0.060H’ 1.300 

iron 5.030 0.267 Lead 18.360 ri .6c. .&@.:12;372 . .- n~98C 
, ‘, 

,o.c 
21.5 13 n;iQ’ -_r_i i‘“y$ 7, Magnesium 

Manganese 

“. A-/ 

16.262 
0.119 

V.” 

16.: ~~ . 
0.068 

4.000 
0.300k 

Mercury 
Molybdenum 

$2!” 0.00044”’ 0.002 
,50D ++& x *:i,*. q!3pp o.0075*’ No Value 

Nickel -.--- 

tii6ate as Nifrbgen : ‘.r.fs:56i “_ ;. ._ ..:. . 

No1 
o.jgo: 

Potassium / 
10.000 _ ,.- - ,.- .,._ , ., 

Selenium 

.I, .,=, Nb.v;fG/.” 

Silica 
0.050 

Silver ’ 
.5 GJ&g:: No Data No Value No Value 
&;: 0;050”’ 0.050b 0.0075H’ 

Sodium 
O.lOok 

t ‘, 
‘i I 

Sulfate z&, 

pJ.. 
27.98 :. 28.9 ‘. No Data 

Thallium -- 0.002 

Vanadium 
0.020h 

-_ 

No Value 
740 ‘Value 

No Value s()b)).ooh 

Uranium 

Gross Beta 
Neptunium-237’ 
Plutonium-239 

13.L “a;i,g2 - .- I.-... 
0.8 .$ No Data 
0.1 g Nn lhtG 

Radium-226m 0.6 
- .- --.- 
No Data 

Y.l 

1.2 
295 
m I; 

Radon-222” 626 No Data 
Tedhnetium-99 22.3 NdData a”.- I.v yucu Lo.” 

300h 
i 

Thoriuni-230 .. 1 .i .I. tijo&,ia ” 1,5 i ::. No ~~~~ ‘_/. i’:o~?R - i 

Total Radiumf 1.3 No Data 0.7 No Data 0.13CR 
Uranium-234” 

5p 
0.7 0.33 0.3 No Data j 

Uranium-235” 
0.87CR 

0.3 0.015 0.2 No Data 0.82CR j 
Uranium-238s 9.7 -. ̂ .-I.,_^,. 
Notes: 

!I-.35 .,.%._. . . . . ..~A?2 .,... .,” .,,._ .._ Aw?a~~~ ..,_, .“,(!!62cI:“-_~..~~,_~~.” ,~,~,~-~-~~-~~ 

A.” ULLicl “.IJ 

No Data 0.12CR 
Nd Data 0.13CR 
No Data , 1 .4CR 
Nn nz TQ r&R 

i 

5p 

____ 

lye value unaer XIsK-Daseo Loncentration” mdlcates that a value could 
va,ues,No”a,u -.._ A--“I#-..: _... ~~~ x. . . . . . . . . . . 

No Data indicates that a background concentration could not be deriv$d because data were inadequate or not available. 
x,. T,., , <tn. I * . I : ‘.-. .: A-- 

not be derived because the analyte lacks toxicity 
c: UWCI lvlaxlmum Lontammant Level” malcates that neither a primary nor a secondary maximum 
.I-- --, .1 1’. contaminant level was avauame. 
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Table ES-l. (continued) - 

All risk-based concentrations (RBCs) were derived using methods presented in Appendix 2 of Methods@ Conducting 
Human Health Risk Assessments and Risk Evaluations at the Paducah Gaseous Diffusion Plant (DOE/OW07- 1506&D], as 
modified by comments from regulatory agencies). In each case, the value reported is the lesser of the RBCs based on child 
systemic toxicity (HI) and lifetime cancer risk (CR). For HI, all values are based on a target of 0.1. For CR, all values are 
based on a target of 1 x I Om6. 
This analyte was not detected in any sample used in the background calculations or infrequently detected at concentrations 
similar to their detection limit. Therefore, the reported “background concentration” is the minimum detection limit used for 
the analyte. If lower detection limits are used in future sampling and analytical efforts, then the background concentration 
for this analyte should be reevaluated. 
The calculated 95% Upper Tolerance Limit (95% UTL) for this analyte exceeded the analyte’s maximum detected value. I, 
Therefore, the background concentration selected for the analyte was the analyte’s maximum detected value. 
Background values are for total chromium. Risk-based concentration is for Chromium VI. 
Ail data for this analyte were “Q” qualified. The definition of this qualifier is, “l& result available or not required because 
total analyses is less than PQL .” Therefore, the reported “background the minimum detection limit used 
for the total analyses. If lower detection limits are used in future sampl efforts, then the background 
concentration for this analyte should be reevaluated. 
The risk-based concentration for Total Radium is that for radium-22 s the smallest of all those for radium 
isotopes. , 
Background values for uranium isotopes were calculated from the ur ound concentration because data for, 
individual isotopes was lacking. In this calculation, the natural abund .e. 0.0056% U-234,0.72% U-235, 
and 99.27% U-238) and the specific activities (i.e., 6.21 x lo6 i/mg U-235, and 3.35 pCi/mg 
U-238) of the uranium isotopes were used. The RBCs for Ura re calculated using the cancer 
slope factors for Uranium-235+D and Uranium-238+4,,respe 
Proposed value. 
If two or more radionuclides are present, the sum of their body or any organ is not to 
exceed 4 mremyear. 
Proposed MCL for natural uranium i/L. This ‘value applies to the sum of all 
isotopes. 
Secondary MCL. 
Risk-based concentration 
Risk-based concentration 
Risk-based concentration 
The EPA has deleted fro 
effective February 23, I9 
The MCLs listed here for 226 and Radium-228 
Federal and state MCLs 
Information System” sit inlguide/GUID-9709. 
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from the Regional Gravel Aquifer 
leas, rraruerllral use nslc-oasea concentrations, ana 
iinant levels 

Analyte 
’ 

4 -- -------.- 

Total Filtered Total Filtered 
_ _, : ,. ,“. ., ..~~ 

” Risk-based 
I l.lanlllryl.1 

Contaminant 
Samples Samples Samples Samples 

&Jttwganic ChemiCalS (m&L) ,.,, ..I .aI ..” “ll^-“-%,.i 

b 
“. , _ 587 1.5HI 0.050 - 0.2OOk 

.,.-A0 0.060b 0.060b 
Aluminum 1.64 f-l XI1 n 75 0. 
Antimonv 0.060b n nc 
Arsenic ’ 
Barium 
Betillium 
Cad&ium 
Calcium’ ’ 
Chloride J 

0.005b 
0.00056”’ 

0.005b 
0.006 

0.005b 0.005b 0.000035CR 0.050 
0.202 0.179 0.265 0.266 

_ ._ -“, 

0.004b 
0.10’” 

0.004b 0.017b 
2.000 

0.004~ 
_ ----.-t-D 

O.O1ob 
40.0 
89.2 

0.045O 
0.034 

0.250 

O.O1ob 
35.8 

No Data 

0.045b 
0.018 

)ata 
54 

0.250 
4 

Chromium” 0.134 0.05op 
Cobalt 
Copper 
Fluoride 
Iron 

0.245 NoI: 
3.72 O.l( 

0.005 
No Value 
2.so.0mk 

g . .  I  0.0071”’ 0.100 
.$;g!gg& 0.091H’ No Value 

‘+.,I 0.060H’ 1.300 ^ ..--“I 

15.7 15. 
0.082 0.048 

4.000 
0.300k 
0.015 

No ViIiie 
0.050k 
0.002 

Lead 
Magnesium 
Manganese 
Mer&y 

Nickel 
Nitrate as Nitrogen 

o.lpoO 
10.000 

Potassium No Value 
Selenium 0.050 
Silica 

p.0075”’ 
No Value 

Silver 
No Value 

Sodium 
.O.lOgk 

No Value 
Sulfate 
ThaIlium 

i”, 
500~000h 

0.056b No Value 0.002 . . . 

31 0.119 0.107 
3(@6 0.104 ,.. _~ .__ !?,w? ^_,_, _,,~ ,lp-%“&45H’ _ __ 
$3’ Radio~u&&s @c-i/L) 

_ . ̂ . I ,, ‘.. 
i 

2 .PSOk ..~~~~” 
-” v?” r- .I Gross Alpha . ‘- ‘-‘- “. ‘; .. “I. *“l ~~.~~~ - E ’ Nn n-t- 

Gross Beta 
2.36 ;.i$;;gJlo Dat- 
7.3 ‘..:2~ No Dai, 1LJ.r ‘.U UYLLl 4W.I “nrllc 

0.0045”’ 
0.0092H’ . . . 

0.020h 
No Value 

Neptunium-237’ 
Plutonium-239 

0.21 :“?’ No Data V.-d 

.0:03 @ r\io D&a 0.64 I 

-.- .-_-- 
Jo Data” n 1 ?CR i 

Radium-226” 
Radon-222” 
Technetium-99 
Thorium-230 
Total Radiumf 
Uranium-234” 

n l? F - --_- _.__ 
\io~& 3y12CR’ i 

.,“. _._i”. ,.” , 
0.10 NOD&~ 0.29 

Nd:Daii 
‘3’ 

555.3 No Data 228. --i - ^ 3 No Uata 
0.1:: 

10.8 ti: -___ 
1.4’” 

I 
300” 

nata 7.8 
ST - 
No Data 

PD 
28.0” I 

0.54 Nn Ihta i 
- .- ---- 0.40 No Data 1 .OCR 

0.46 No Data 0.36 No Data 
0.7 ‘OT’? n’i NoData 

.0.13’R _ 5p 
n *j’R‘ ‘. 

,~ .-I .- _.,. . . . 
J -.-- Y._ -.-. 

Uranium-235s 0.3 n.nis -.--- 0.2 No Data 0.82CR j 

Uranium-23@ ._. ^ ,. . .._. 02 _,... I.- 2?.35e -.,., 04‘ I. ,,,..,,NoDa!~.~. ( 0.h2CR j 
Notes: 

No Data indicates that a backernmd concmtrsltinn rmtlrf nnt he AW~WWI because data were ina+n,,a+i nr nnt availlhle -----CT---.- --..--....-.. -.: ,-“-.- ..“. “1 . . ..I I IV” . ____.. ___ ,_.___ __._ _ 
._ a,.., ~,~-~?I,~~~ under,“Ri$k$%ed Concentra6on” indlcat& &a?a’;alue couii r&t be derived‘beca&e the analyte lacks toxicity 2. -_. . 

.~ ̂, _._. ._, 

values. No Value under “Maximum Contaminant Level” indicates that neither a primary nor a secondary maximum 
contaminant level was available. 
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Table ES-2. (continued) 

a 

b 

h 

j 

P 

q 

All risk-based concentrations (RBCs) were derived using methods presented in Appendix 2 of Methodsfor Conducting 
Human Health Risk Assessments and Risk Evaluations at the Paducah Gaseous Diffusion Plant (DOE/OWO7- I506&Dl, as 
modified by comments from regulatory agencies). In each case, the value reported is the l+ser oftbe RBCs based on child 
systemic toxicity (HI) and lifetime cancer risk (CR). For HI, all values are based on a target of 0. I. For CR, all values are 
dased on a target of I x 10m6. 
This analyte was not detected in any sample used in the background calculations or infrequently detected at concentrations 
similar to their detection limit. Therefore, the reported “background concentration” is the minimum detection limit used for 
the analyte. If lower detection limits are used in future sampling and analytical efforts, then the background concentration 
for this analyte should be reevaluated. 
The calculated 95% Upper Tolerance Limit (95% UTL) for this analyte exceeded the analyte’s maximum detected value. 
Therefore, the background concentration selected for the analyte was the analyte’s maximum detected value. 
Background values are for total chromium. Risk-based concentration is for Chromium VI. 
All data for this analyte were “Q” qualified. The definition of this qualifier is “I# o resu t available or not required because’ I 
total analyses is less than PQL.” Therefore, the reported “background c is the minimum detection limit used 
for the total analyses. If lower detection limits are used in future sampli efforts, then the background 
concentration for this analyte should be reevaluated. 
The risk-based concentcatiqn for Total Rgdium is that for r$ium-22 a,_*_.“. . 
isotopes. 
Background values for uranium isotopes were calculated from the ur round concentration because data for 
individual isotopes was lacking. In this calculation, the .e. 0.0056% U-234,0.72% U-235, 
and 99.27% U-238) and the specific activities (i.e., 6.21 g U-235, and 3.35 pCi/mg 
U-238) of the uranium isotopes were used. The RBCs fo calculated using the cancer 
slope factors for Uranium-2?5+D and Uranium-238+D, . 
Proposed value. 
If two or more radionuclides are present, the sum of thei 
exceed 4 mremlyear. 
Proposed MCL for natu 
isotopes. 

body or any organ is not to 

pplies to the sum of all 

Secondary MCL. 
Risk-based concentration ca 
Risk-based concentration ca 
Risk-based concentratio 
The EPA has deleted fro 
effective February 23, 1 
The MCLs listed here fo 
Federal and state MCLs 
Information System” sit n/guide/GUID-9709. 
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